Abstract: The response of an annular electrostatic probe mounted in an electrode is examined with reference to a right cylindrical spacer. The study involves using the probe 1 hction to derive characteristic parameters. These parameters enable the response of the probe to different charge distributions to be quantitatively assessed.
Introduction
Bound annular electrostatic probes have recently been employed to observe the changes in electric field due to the accumulation of surface charge on a right cylindrical spacer in vacuum [I-31. The word bound signifies that the probe is mounted in the electrode in contact with the solid dielectric, see Figure 1 . Thus, as the probe is an integral part of this electrode, such probes lack the freedom of movement necessary to implement a scanning procedure which is required for a correct quantitative evaluation of the surface charge to be made [4-61.
Vp and the probe field strength Ep is given as
In [I-31, the relation between the probe signal where C represents the measuring capacitor, S the surface area of the probe, and E the permittivity of the dielectric spacer. This expression implies also that the surface charge density up at the probe is assumed to beconstanfix. up= CVp/S. where the + and -signs refer to the opposite sides of the interface. As (4) is just Laplace's equation, any standard method of solving this equation can be employed to evaluate the variation of A along the interface. On this occasion, solutions of Laplace's equation were obtained using a finite element software package. These solutions were then used to study the dependence of the probe response upon the surface charge distribution.
Probe/dielectric geometry
The essential geometry of the annular probe used in this study is shown in Moreover, as the dielectric interface of interest is normal to, and physically offset from the probe surface, the values of l,, are less than those reported for other bound probed situations, see [SI. This implies that, for the present proberinterface arrangement, the probe is less sensitive than the usual parallel probehterface situation.
Surface charge distributions
To study the influence of the surface charge on the probe response, the response is examined for several charge distributions. On this occasion the following distributions were used a=oo (6) (7) This expression can be readily evaluated for the a distributions discussed above.
For a = a. , the influence of 1 upon the induced charge is illustrated in Figure 4 for various E~. Owing to the nature of the 1 distribution: i.e. the two 1 = 0 boundaries create a 5 distribution of finite spatial extent, it is observed &om Figure 4 that the maximum value of the induced charge (q-) is effectively proportional to h,, . Such a situation does not arise with the usual bell-shaped 1 distribution, see [E] .
Similar induced charge behaviour is displayed with the two other a distributions. The variation of the induced charge with the spatial extent of the surface charge is illustrated in Figure 5 for the three charge distributions, and = 4. In Figure 5 , the 141 curves have been normalized to a common a,, , i.e. a . = al = a2. This implies that each distribution is associated with a different total charge &. A common & , ie. &O = &I = &2, leads to another relation between a0 , al & a2. For the present situation, we have &O > pn > p T 2 and thus the greatest value of qwill be associated with fo , while the smallest qwill be related to f2 .
However from Figure 5 , it is evident that, even for 3 widely different a distributions, the form of each 1q1 variation is similar. Such behaviour is associated with the integral nature of the induced charge phenomenon. The non-uniformity of the a distribution affects how rapidly the induced charge attains its maximum value.
Discussion
We have examined the response of an annular probe with respect to the usual method of performing probe measuremenw i.e., all electrodes, with the exception of the sensor electrode, are earthed. This condition is introduced to circumvent the fact that the source charge induces a charge on all electrodes. Those electrodes not held at zero potential, will undergo a change in potential. Due to the inherent partial capacitance associated with each electrode-pair, such changes in potential will be registered at the sensor electrode.
This l a w situation will arise in the studies of
Yamamoto et a1. [1] [2] [3] , in which a voltage is applied to the anode to promote the discharge development during the probe measurements. Consequently, the interpretation of these measurements will be anythiig but straightforward. In addition, as the measurements reported are real-time observations of surface charging, the probe is responding simultaneously to both the spatial and temporal variation of the surface charge. This situation implies that the interpretation of such measurements is virtually impossible without some auxiliary information about the discharge development. In [I-31, the authors undertook a discharge simulation based on the concept of the secondary electron emission avalanche. Apart from deriving surface charge distributions, the authors' results indicate that the associated probe field strength is nonuniform. The degree of non-uniformity is dependent on the magnitude and spatial extent of the surface charge. However the authors do not discuss the corresponding temporal response of the probe with respect to the spatial and temporal features of the discharge model. Consequently, the above aspects preclude a proper discussion of these experimental probe measurements in relation to the present study.
Conclusion
From an examination of the response of an annular probe to various surface charge distributions, it is evident that the form of the surface charge distribution is not readily discernible. This behaviour is related to the integral M~U R of the probe response.
In addition, owing to the geometric disparity between the probe and the dielectric interface, the values of the relevant 5 function are considerably smaller than those reported previously for other probe arrangements. Consequently for the present probeliiterface geometry, the sensitivity of the probe is low.
